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Abstract allows the Input of some percentage of complete fixity
but has the disadvantage of not being able to Input the

- A computer analysis with user guidelines to analyze specific amount of joint slip since Its relationship to
partially continuous multi-span beams is presented. the fictitious member stiffness is not known.
Partial continuity Is due to rotational slip which occurs
at spliced joints at the supports of continuous beams This study presents a computer analysis method and
such as floor joists. Beam properties, loads, and joint input user guidelines to determine Internal forces, reac-
slip are input; Internal forces, reactions, and deflec- tions and deflections of continuous beams with rota-
tions are output. tional slip at supports. Although developed specifically

for two-span floor joist analysis and design, the method
and computer program are applicable to any con-

I t tinuous beam structure.
IJoist design is based on satisfying both stiffness and

Floor joist deflection and maximum design moment are strength requirements. The stiffness criterion most
decreased by utilizing continuous joists over two or commonly used Is to limit maximum joist deflection in
more spans compared to simply supported joists. a floor system to spanI360 when subjected to static live
Splices are used to attain the lengths required for con- load of 40 pounds per square foot. The strength
tinuous members. The splices, whether nailed, bolted, criterion limits bending stress to an allowable value
glued, or truss plated, if located at an interior support, based on species and grade of lumber. Design tables
will have rotational slip occur when subjected to bend- (3)3 are available for floor joist design for either simple
ing moment. Thus the beam continuity is disrupted with or two-span continuous beams. The continuous beam
the Joist acting somewhere between a simply supported tables assume full moment capacity over the entire
and a fully continuous beam. span (i.e., no splices or other loss of continuity).

The finite element method of analysis, using discrete The National Association of Homebuillders (NAHB) (2)
elements referred to as matrix structural analysis, Is and American Plywood Association (APA) (1) In-

. the state-of-the-art method used to analyze continuous vestigated two-span continuous beams with splices
structures. The usual procedure in matrix structural near the inflection points. The splices were designed to

LLJ analysis to account for partial fixity is to model a short transmit shear force since moments near the Inflection
..,J or fictitious member with a low stiffness value. This points are assumed small. Splice slip was not con-
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Splice slip is due to the behavior of the mechanical vertical and rotational, are necessary. The degrees of
fastening system. Nails (and truss plates) slip due to freedom are numbered sequentially from left to right;
bending of the nail (tooth) and crushing of the wood. thus the vertical translation of the left end is 1, the
Many studies have established nonlinear load-slip rotation 2, and those of the right end are 3 and 4,
behavior for nailed joints In single shear. When bolts respectively, as shown In figure 2. Also shown is the
are used they are Installed in oversized holes; thus a member stiffness matrix with forces corresponding to
certain amount of movement occurs before loads are unit displacements for each degree of freedom. The
transmitted. Slip measurements related to design load positive sign convention for the member forces and
levels are required for various splice configurations, displacements are as shown, with vertical translation

upward and rotation counterclockwise being positive.
Splice slip affects both joist stiffness and strength.
Slippage of a splice at an interior support will result in The beam is modeled with nodes at points of support,
increased deflection throughout the span and In a changes in cross-section properties, and atkany other
decreased moment capacity at the support. point(s) where shear forces and bending moments,

and/or vertical and rotational displacements are to be
Matrix analysis (4) of continuous beams assumes sup- computed. Figure 3 shows node locations for an exam-
ports either fixed or pinned. Intermediate end condi- pIe two-span beam. It Includes the support locations
tions are generally modeled by addition of a fictitious plus an arbitrary interior location, a distance x from the
member with low stiffness or a rotational spring. Matrix left support, where forces and displacements are to be
analysis assumes each joint having discrete calculated. Again, there are two degrees of freedom at
displacements corresponding to degrees of freedor, ; each node; they are numbered sequentially starting at
thus no discontinuity in displacement can occur. Loads the left end of the beam. Member numbers (circled) are
at or between joints and support settlements can be in- also sequential from the left end. Positive node forces
cluded in the analysis. and displacements are, as shown, upward and

counterclockwise. The member stiffness matrices are
Theory superimposed, as shown symbolically, to form the

structure stiffness matrix, [S].
The philosophy of the analysis is illustrated in figure 1.
Deflections due to loads are found by matrix method The structure stiffness matrix is rearranged and parti-
assuming no joint slip. An experimentally determined tioned related to the unknown displacements, Dd, and
slip, 9s, Is input and allocated, er, 8j, to the adjacent the known boundary displacements, Ds, representing
right and and left spans. Deflections caused by adja- support conditions:
cent slips are calculated and superimposed on the [ 7.

deflections due to loads. Member end actions and sup- rdd I
port reactions are calculated from the member deflec- [S]t . s
tions. sd I S_1

The member stiffness matrix assumes the member be- where the subscript s refers to support degrees of
Ing subjected to lateral loads which induce bending freedom (with known displacements of zero or support
moments and shear forces. The effects of shear are settlement value) and d refers to degrees of freedom
neglected; thus two degrees of freedom at each node, with unknown displacements.

DEFL EC TED SHA PE
(o )DUE TO LOAD (b)DUE TO SLIP

Figure 1.-Sup~erosltlon of load and slip deflected shapes.
(M 149 237)
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i * member 4 From figure 4b, the moment equilibrium equation at the
iE,1 interior support is:

L - - M1  Mr (2)

(a) Member where MI, Mr are the moments corresponding to O and

or- From standard beam theory, the relationship be-
tween moment and rotation Is:

12El 6EI -12EI 6EI
L0 LF L Lj 3Eit81

6E1 4El -6E1 2EI L, (3a)

-. ] -- L --L M 3 Erlr~r[s.] Mr-(k, .,-12EI -61EI 12 EI -6E L (3b)

L L L L0 where E is the modulus of elasticity, I the moment of
Inertia, and L the length of the left and right spans

6EI 2EI -6EI 40 (subscripts 1, r), respectively. The relationship is ap-
I! L j3 L plicable to members having a rotation at one end of the

member.

bi Member Stiffness Morix

Figure 2.-Member degrees of freedom and stiffness matrix. wt w2

(M 149 238) A

Node forces and/or support settlements (if any) are in- 2
put with sign convention in figure 3b. Fixed end shears Ll L'?
and moments corresponding to member loads are input (a) REAL BEAM
with sign convention in figure 2a.

The unknown joint displacements, {Dd), due to load, 2 4 6 28
(A), are found by:

JDdJ = [Sdd]-'JAI

JI= JAjI - AfemJ - [Sds] JDsI

where {A) is the general load matrix consisting of the L, L2
specified joint loads, {Aj , fixed end reactions due tobetween-the-joint loads, 1Afem), and the forces, (b) MODELED 8EAM

[Sds] (Ds), due to support settlement, (Ds).

The known joint slip is allocated to adjacent spansbased on compatibility and equilibrium as indicated In

figure 4 in which moments and rotations are shown in
the positive direction. The effects of spans other than
the adjacent spans are neglected. The sign convention
for the slip rotation is that the slip angle is measured
from the tangent to the elastic curve in the right span Is]
to the tangent of the elastic curve In the left span with
counterclockwise rotation being positive.

From figure 4a, the compatibility equation is:

(1 =8(c) STRuCTURE STIFFNESS V4TRIx

where es is the slip rotation, and Of, Or are the rota-
tional allocation of the slip to the left and right adja- Figure 3. -Structure degrees of freedom and
cent spans, respectively. Stlffneas matrix. (M 149 239)
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Figure 4.-Joint slip compatibility-equilibrium relations. Figure 5.-Schematic representation of the makeup of
computer deck. (M 149 241)

(M 149 240)

Substituting equations (3) Into (2) yields a relationship The program is limited to one slip per member, and no
between 81 and Or, and substituting this into equation slip at either the first or last support. Slips at adjacent
(1) results in the following allocation of slip to adjacent joints are permissible provided each is indexed to a
spans (assuming Er = E): separate adjacent member. The program is arbitrarily

limited to a maximum of 10 elements which is con-
S= ,s r" Li l 1 sidered adequate for most 2- or 3-span floor joist

f fsystems (extra nodes may be included between sup-
LLIlr +ports). For larger problems, this limitation can be
..1 removed by modification of the dimension statement.

Or = -88 LIIr + Li.lg I (4b) The degrees of freedom are numbered sequentially
11 from the leftmost support with the vertical translation

To determine displacements due to a known slip, the first and the rotation second. Sign conventions have
continuous beam is separated into two structures at been previously defined and are shown In the positive
the support where the slip occurs. The slip allocations, direction in figures 2, 3, and 4.
01 and 8r, are applied as support displacements to each
side of the separated structure. Deformations are then The Fortran program is stored on both tape and
determined by matrix analysis. punched cards on the FPLJMACC system. Input data re-

quired are described In table 1. The command se-
The member end displacements due to slip are quence for the FPUMACC system to access the tape Is
superimposed on the displacements due to loads, given in table 2; that for the punched deck is shown in
Member end displacements multiplied by the member figure 5.
stiffness matrix summed with the fixed end moments
due to load result in member end forces. Adjacent The following example illustrates both Input data re-
member end forces combined with applied joint forces quired and output generated.
determine support reactions. Example

Procedure The two-span beam of figure 3a is assumed to have a

splice at B which slips + 0.00432 radian when loaded.The Fortran program using this theory is given in ap- Other values for this example are:

pendix A. The program is Intended to be as complete

as possible so that it can be easily modified for future W, 5 obft - 4.16 Win. 1, = It = 20.8 in.,
research; it is not a production tool and no effort has
been made to make it as efficient as possible. The L, 1 12 ft - 0 In. = 144 In. W , 10 lbift = 0.833 bin.
units used must be compatible; the example in this
paper uses Input lengths In Inches, forces In pounds, E, , - 1,700,000 iblln.' L, 9 ft - 0 in. = 106 in.

moments in inch-pounds, slip in radians, modulus of
elasticity In pounds per square inch, and moment of in- Shear and moment diagrams, and deformed shape for
ertla in inches'. Output is In the same units, this partially continuous beam example are required.
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Table I.-Data cards

Number of Input data Fortran
cards Information required' In columns format

requiredl' numbered

I a. NM = Total number of members 1 through 3" 13
b. NS = Total number of supports 4 through 6" 13

corresponding to degree of
freedom numbers (i.e.,
NS = 2 for shear and
moment at fixed support)

c. NF = Total number of joint slips 7 through 9" 13
d. NA = Total number of degrees of 10 through 12" 13

freedom corresponding to
joint loads (i.e., NA = 2
for joint with applied
vertical load and moment)

NS For each card (support):
a. Structure degree of freedom number 1 through 3" 13
b. Support settlement (in. or radians) 4 through 13 F10.6

NM For each card (member):
a. Member number 1 through 3" 13
b. Modulus of elasticity (lb/in.' 4 through 13 F1O.0
c. Moment of inertia (in.') 14 through 21 F8.2
d. Length (in.) 22 through 28 F7.2
e. Left end fixed end shear due to 29 through 37 F9.2

member loads (b)
f. Left end fixed end moment (In.-lb) 38 through 46 F9.2
g. Right end fixed end shear (Ib) 47 through 55 F9.2
h. Right end fixed end moment (in.-lb) 56 through 64 F9.2

NA For each card (joint load):
a. Structure degree of freedom I through 3" 13

number corresponding to
joint load

b. Joint load (lb or in.-Ib) 4 through 13 F1O.2

NF a. Member number (may be either 1 through 3" 13
left or right span adjacent to

slip) 4
b. Member degree of freedom number 4 through 6" 13

(either 2 or 4 corresponding to
member selected In "a")

c. Structure degree of freedom 7 through 9" 13
number

d. Slip (radians) 10 through 19 F10.6

Cards must be sequenced in this order.
'Zero values may be entered by blanks.

Values must be right-adjusted.

Table 2.-Tape command sequence . ...
@RUN... LAcession For
@PASS... NTIS "GRA&I
@CAT HUD'CONTINUBEAM.
@ASG, AX HUD*CONTINUBEAM. DTIC TAB fl
@ASG, TH DIMEN*LUMBER.,U9H, 7639 j Uannu'c C ] [-]
@TGET DIMENLUMBER., HUD*CONTINUBEAM. ju5 ti C t 1-1-
@XQT HUD'CONTINUBEAM.SLIP
Data as per table 1
@FIN

~~~~ Va I tr 
I 

I- .t. V .C ,i

Dis P* -a



The beam is modeled with joints at points of support displacements to the left and right of the joint are
and at other arbitrary locations deemed necessary to given.
define the shear and moment diagrams and the de-
formed shape. For illustrative purposes, only one ar- The results are plotted as case II in figure 6. Results for
bitrary location 5 feet (60 in.) from the left support (x = simply supported and fully continuous beams, found by
60 in.) Is selected. Thus the beam is modeled with standard structural analysis, are given as cases I and
structure degrees of freedom and members numbered III for comparison. As expected, the behavior of the par-
sequentially from the left as in figure 3b. tially continuous beam is bounded by the simple and

fully continuous cases. The displacement at x = 5 feet
The input data corresponding to table 1 are: is 0.6318 and 0.4126 inch for the simply supported, and

fully continuous beams, respectively. The partially
Card 1 continuous beam results in a deflection of 0.4738 inch.

Use of a joint at B reduces the simply supported deflec-
NM = 3 tlon by about 25 percent. The negative moment over the
NS = 3 (corresponds to structure degrees of center support is reduced from the fully continuous

freedom 1, 5, and 7) value of 558 to 406 foot-pounds for the partially con-
NF = 1 (corresponds to structure degree of freedom tinuous beam; however,the corresponding positive mo-

6) ment at x = 5 feet is increased from 643 to 706 foot-
NA 0 (no joint loads, only member loads) pounds. This is still about 20 percent less than the

simply supported positive moment. Figure 7 details the
Cards 2, 3, and 4, respectively discontinuity of the deformed shape at support B.

Structure degree of freedom = 1, 5, and 7,
respectively Program Alteration
Support settlement = 0 (all cards)

The program is arbitrarily limited to 10 elements (NM =
Cards 5, 6, and 7, respectively 10); the corresponding number of joint degrees of

Member number = 1, 2, and 3, respectively freedom is 22 (2NM + 2). Dimensioned arrays have
Modulus of elasticity = 1,700,000 Iin.2 (all cards) values of 10, 22, or 4 corresponding to number of
Moment of inertia = 20.8 in.4 (all cards) elements, number of joint degrees of freedom or
Length = 60, 84, and 108 in., respectively number of degrees of freedom per element. To increase
Left end fixed end shear for member 1 = the number of elements, change the dimension

statements in the first six cards of the source program
W1 X 50 x 5 as follows:

+ - - = + 125.0 lb a. Dimensions of value 10 are increased to the new
2 2 number of elements, NM.

Left end fixed end moment for member 1 b. Dimensions of value 22 are increased to a value =
2NM + 2.

WlX2  50 x 52 x 12 c. Dimensions of value 4 are unchanged.
+ - = = + 1250.0 in.-ib d. Dimensions of the array called SCRACH are in-

12 12 creased to 3 x (2NM + 2).

Fixed end reactions for right end and for other
members similarly found.
(Note, sign convention as per figure 2; thus right end
fixed end moment is negative.)

No NA cards (NA = 0)

Card 8 (NF = 1)
Member number of left adjacent span = 2 (alternate-
ly, member 3, the right adjacent span could
be selected)
Member degree of freedom (figure 2a) = 4 (alternate-
ly, member degree of freedom = 2 could be selected
to correspond to member 3) Structure degree of
freedom (figure 3b) = 6 Slip = + 0.00432 radian

The output forces and displacements are given In ap-
pendix B to Illustrate the output format (which Is
referenced to the structure degree of freedom number-
ing). Joint displacements are not given directly since

6the slip creates a discontinuity; member end
!!6



--- CASE.W:- COVTIPUOUS BEAM

W -- 50i lbs/fl

12'-O"

30070,0 Iss

r~3O R = 345 lbs ,z4lb

RZ- 266.2 lbs RZ z 423.9 lbs R= -0.l lb

R3 :z 253.5 lbs Rzz 453.4 lbs Rmz -17.0 lbs

45

(ft. Ibs) 6

64

77



Appendix A
Computer Source Program

I C MATRIX ANALYSIS OF CONTINUOUS BEAUS
2 C M1AXIMUM NUMBER OF SPANS = 10
3 DIMENSION JM4S(22).DS(22).SNSS(22).INS(22) AJ(22).SR(22X.DDD(22). T
4 1 (22Y.8( 10) .(10)..W(10).X( 10).SM( 10.4.4).E( 10) XI(18) .XL(l0) ,AM( 10.

5 24) .PMF( 10.4) .COOR(22nXL5( 10) S(22.22) .A(22) .JND(22) .RR(22.22) ,R(2$
b 32 2t.. 5DD(20. 20) .SSD(22..22),SDS(22.22),SSS(22,22).AS(22),AD(22).C(

422).Y(22).SDDI(20,20),SCPACH(BO,60,DD22).D(22),SLIP(22).SLIP1(22
S 5),SLtr2(22tDL(10.4).DR(10.4)AMMlt(10.4).AJJ(22)
9 C

10 C INPUT [A
11 READ'5.1)NM.NS.NF..UA
12 DO 5 I=1N5S
13 REPD',5.2)J[NS(IYDS(I)
14 5 JflS(tI)=JNS(I)
15 1 FOPRT(4I3)
16 2 FORMPT(I3.F1O.6)
1,, C

18 C INITIALIZE COND IT IONS
19 NIF=0.I
20 NSSJJ=0.
21 NIIM=NM

23 DO 10 1=1,22
24 INSfI)1=0.
25 AJJ(I)=0.
26 AJ(I)=0.
27 SP(I)=@-.
28 10 DDD(I)=0.
29 C

*30 C MEMBER STIFFNESS MATRIX
31 DO 15 J=1..NM
32 READ(5,3)M,E(M),XI(M).XL(M),(AM(MIX.I=1,4)
33 3 FORIIPT( 13,F10.0.FS.2.F?'.2.4F9.2)
34 8(It'=6.*E(Ml)*XI(M)/XL(M)**2.

*35 V(M'=2.*B(M)/XL(M)
36 UJ)(M)=4.*E(M)*XI(Ml)/XL(M)
37 X (M) =WJ(M)/12.
38 SM(M 1, 1) =Y(M)
39 SM(M.2.2)=U(M)
40 SM(H, 3,3) =YV(M)
41 S M(M, 4,4) = W(M)
42 SM(M.1.3)=-V(M)
43 SM(M, 3, 1) =-V(M)
44 SM(M,2,4)=X(M)
45 SM(M, 4.2) =X(M)
46 SM (M. 1,2)=B(M)
47 SM (M11,4) = B(M)
48 SM (N, 2,1 )=B(M)
49 SM(0M, 4, 1 )=B (M)
50 SM (M1,3, 2) --B8(M1)
51 S M(M,3, 4) -- 8(M)
52 SM(M,2.,3)=-B(M)
53 15 SM(M.4.3)=-B(M)
54 DO 16 S=1..NMM
55 DO 16 L=1.4
56 16 AMF(J,.L) -AMKT,L)
57 C
58 C STRUCTURE SPAN LENGTHS
59 NJ=2*NM+2



60 H 0 =H i.

h1 CO]P( I)=0.
62 10 H1 I=3..[IJ..2

6L F ='I -1',."

G4 20 IC IL-R (i I)=C OOR( 1-2)+XL (K)
-D.. 4SL 11 1 ;

66 '0 I =e6 DO 1_-, 5 J = 3.. NJ, 2

6G. IF( .ET.JHS(K)OGO TO 25
1,1 GO TO 30
1 25 JJ=,THS (K- 1)

2L-; (I ' =FOOR (J)-COOR (J J)

.g TO 35
1-5IS - 3A

'l 

COHTNHUE
7 4_1=: ._ L3F4T I HuIE_

* In 3,5 C N1TIIE

,I STRUCTUEE JOINT LORDS

19 r-IF (H50, 50.40
':F 40 r:,o 5 =,, H__ 4I L 49 I=1.HR

8 1 PEnD 5,4) HM.. AJ (HAM)
4 F Ii F II T f 13 F 10.2 )

AI'' f1HM1 =lJ (HlO)
8,-4 45 C. - IH I E

F',5 S FOHTI'UE
86 F:

91-I1 1.il- 111L:iI T P1 U E

- '-_-TF.ITU.E STIFFNESS AND, LORD MRTRIX
9 'i 55 I= 1 22
91 HG 0 ,

9D 55 J=1122
94 1 t3_ I,. I) =0 . M

.:4Di 9- ru-iN
95 I

U IU9t. III =2*:I1 - 1

914 114=2 ::H+2
100 1= H+Hj<.JJ/2
101 S 1 13) =SM (H. 1., 3)
1 02 S 111r-II.14) =SM (M., 1,. 4)
103 "S f M2, 1 13) =$1 ( M. 2m ..3)
1 04 S (i12.. M4) =SM(, 2,4)

105 S (M13, MH1) =12 (M. 3, 1)
10@6 S ( M'1, 1'12 ) = S I1 (" H, 3, 2 )
107 S ( 1 "4, HMI ) =SM (M, 4,.1 )
10_ S._. 4, 114. 2) =S1 (l., 4m.2)

109 s 1ll)-=S111,M1)+SM(M, 1,1)
11i S ft*l 11 2) =S (M1. 12) +srlrl, 1 .2)
III, S,112 Ill) =S ( 2,111)+SM(M, 2.. 1)
I12 S'[12 It2) =S(M2.1M2) +SM(M,. 2.2)
113 IFI II11I60.65.70
114 6S l 113) =S (M3..13) +SM(M, 3,3)
115 S , -71 1. M4) =S(113.1"4) +SH(M1 , 3..4)
116 S, 1 H-4,. rM3 , =5s (NM4..r , +"-,1, r. 4.3 )
I I, S M4 14 =S (M4.14) +SM(11.4.4)

118 GO TO 70
119 6 5 13 , .113) =SM (M. 3 .3
120 S 11 114' =S11(1.. 3.4'
1 91 S 1: .14.113) '-M( .I . .)



122 S (M4, r14) =SM (M, 4,4)
12 3 70 COHTI 1HUE
124 A t.MI 1 H I l f AMM I ) +AJ (MI)
i >5 P (P2I =A (M2) -A1,(N. 2' +AJ (12)
126 A (11) =H 1,13) -AM1(M, 3) +A (M3)
12. A 14) =H M4.1 -AMM, 4) +AJ (M4)
128 75 COTINUE
129 C

13u C REARRRGE STIFFNESS 11ATRIX FOR JOINT RESTRAINT
131 C DETERMINE JND
13 2 1 =1

13-3 DO $5 = HJ
134 DO gi =I.S
135 IF.I-THSfl'[))20,95.80
136 ,80 COHTIHUE
17 IF1 K-HS) 9, 85,90
.7- 85 .JND . L I
i L=L+1

140 90 COTIHUE
141 95 COf tTIHUE

142 C MOVE "."EPTICAL COLUMNS
143 ND =HJ-NS
144 DO 100 I=1,HJ
145 DlO 100 J=1,HD
I l6 Kf. = TD (J)

147 00P P 1 I..J =S, ' I • KK)
140 DO 1w5 I=1,H.
149 DO 105 .=I.I S

150 KI =.HS ,. J.)
151 105 P I.T+I.ID) =S(I.KK)
152 C MOVE HORIZONTAL ROWS
153 DO 110o J=IN.H
154 DO 110 I=1.HD
155 KK=IHr, ( I )
156 110 P I .=PR(KKJ)
157 DO 115 J=1HJ
158 DO 115 l=v,1PS
1593 V1. = Jti-f'. Ir
168O 115 P,+ D. =R K ,.T

16 C TO SUBDIVIDE 1ATRIX
162 DO 1)0 I=11 ,D
163 DO 120 J= .tH
164 120 SDr1 I.' =R(I,J)
165 DO 1 5 I=I US
166 DO 175 J=I.ND
167 125 SSDI.J =P(I+F..J)
168 DO 139 IIND
169 DO 130 J=..lS
170 130 SDS(I•Ji=R(I.J+ND)
171 DO 135 I=I.HS
I '2 DO 135 J=-HS
173 135551..1'=Rr1+NF,J+ND)
174 C REAPPA"GE LOAD MATRIX
175 DO 140 II,HD
176 K=JD' I '
177 140 iDkI,=A t'['
178 DO 145 1=1dI.S
173 1 JHS', 1'
18 145 0S3 I'-01i 131 C

132 C TO FTltP Jo t1T DISPLACEMENTS
I1f3 r'J 150 1=l.l[

10
' L j



134 C (1')=0.

135 DO 150 K=1 I.NS
136e 150 CC 1.-=C( 1 i+rDS( I.K)*fDSUCK)

1811 15 5 ' 1' HG =A I I ) C( I)
139 CA'LL IlI -l N1ID,'fl.', 'GEN' .0,$610,SCPACH)
190 DO 1I 1:, 1= N D
191 if' I' O
192 DO0 lrU K1,1 D
13 16F0 GD I' 1)D'. 1) -SD 1 1I.K)t:7AtK

1:44 DO 16-, I=1.05

I1 GL DI ' J)=D ' I ) +DDD (J
1 165 11 ' D 11 .I.)

11 C F (:.LIP F T SUPPOPT 0CC UPS
114 Fi S40 - 40.1-0
2 0 r 5 C70F HT II I E

0 1111D1 175 1=1 4~
vir DO 15 =1,24

2 0 "-::! D ' If 1' 0 ,

210F 03j1. '=0.

11 1,751 1G6 fy=0.

1 IFC0IF-2*11F:' 1'0.340.340
.1 1 i0 0 HIP=0IF+1

14 IKOIF=HIF>NHF
21t GO TO (190.275:'.KNIF
21th 19n CONTINUE
1if PEAL, (5CS. )11. KKK . NFM. SLIP (NFMI)
212 6 FOPI'HT' 12F10.6;'

2 1 1 HS: ', H) =HFM )")-

21 L =0
-1 DO 1'95 I=1 NSS
2FJw~ 2-5SJ GO TO 200

I IF'f JflflI 'I.)' ED.IHFL) GO TO 200

25 135 L=L+1
K26 200 GSO TO(I':1H %5,-210-209),KKK

2T 205 SL IP I (NFM =SL IP (NFM) *XLS (L) * X I (M1&I)/(XI1(11+ 1)*XLS (L) +X1I(M) *XLS (L+1)

__ SL IF P2kNFM) =SL I P 1 CNFM) -SL IP (NFM)
13l 210 CONTINHUE
231 C
232 C FIND NUMBER OF JOINTS AND MEMBERS IN DIVIDED STRUCTURE

233 1 IJ =2* ( (11FI+ 1.) 12)
234 H~rM= NLJ-2) /2]3 C: DEFTERINEL NUMBER OF SUPPORTS IN LEFT SPANS

2-39 DO 220 I=1.NLJ
240J GO 220 3=- SS
2141 IFr I-JN5SSJ))220,219.220
242 219 L=L+1
24'3 20 C ONIT INU E
24 4 DO 229 I=1.NlSs
245 lFtJJcCI:f1 EO.NSY)GO TO 230

246 IF'illS'> I.' .EO.t1F-IGO TO 230
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F 1~ Euf'Pl TO 9 5

$7 1$

j F I

T Ir I IE 1 OF UPOT II- I ISH TPT

ifi ii i I

f f i F I 1 f$E I
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71 F=

iF .395-750F
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31K' r12=2411I

11 1147 =2 1 I+ I

iFI . 11 1AlI. i' . .LE. 114 GO TO 355
714 GU T1' -

1 1 35 N fL i L . -' E1L I1IIt"

7,1l IF, I- 1 65.395. t,5
3 '_

l 
3 C i'P , rl- -D, tI i- I.-4"- --,L IF'2,r I,

!u T,' )

1 370 I[F't I.4,= IF' 11.41'-.L1P2,t I
3 22 F It-il J1ill -rqA 37 5

C5 iL f I+ 1 ' L I I+ 1. 2 -SLIP 10
-4 395 1- OT 1H'IE

i2 '-][ll~l 4 -1!I II= I t t Il
i] 1 4F1( -

=
1, 4

l- 40 1 11 l )=S 11 1. . I*D IIr. 1 :+1 '--rlIl. 1 :.2 11I + I 1 .+S 4lr I. J,P . '+3t1S
S111. .4i tu:[PI [1.4 + llF H 1M. 1

70 AC Ti LiFTEPRlIME ':FPi iT PEAiCTIOUS
3 1 T:l =l0iI11, 1. :li- IW~iJ

I32 T ( 1 >2 =k' 1 1 1 1'" - fJ Jl I

IF I Itl. Ei I GI TO 410
-4 1 11 IL = I1tI- I

.15 f11 IT=2 +fill[ 1

S I 405 I =3. 111T.2

3 :]'l~l Ti I ' = 1H . , +A1l 1, 11+ 1 . -A.J.: II
405 T' 1+1' =H11111l..4+-II,11'11+.2.-AJ.3J 1+I

340 410 T' 2 +tI 11+1 , =I+MI , MIIt I. 3 -ArJ 2 +:.rr+ 1
341 T ' + t I+ It I+ , =A 11' I f it'1. 4 - I . :.2+ 1M+2
342 1.N 415 1= 1 - tiIS

-343 F =lH'._-q I I

-,44 415 SP'. I =T J
345 C

346 C PPIlT OUTPUT

47 Ii I TE (6. 00
34" 500 FOPHAT' I. 1 2"T. "MTPI>: AALY'SI OF CONTIHUOIJS BEAM'..//)
-49 WP ITE '.505

31 '05 FMFI_ HTI I::. "11E11E'EF" .5X. *LE -TH" 3.-9 . "E' .9.1' .4'. 'LEFT SHERP .3X, L
*51 IEFT HlIEIIT" .3::. "P IGHT "HEAP' .37.. R IGHT MOIIEHT" "'

5 DO 515 11=1 .t11l1
I..IPI TE 6.510 I . L 11, E ).. 1 • ( A 11' 1 (M. J J • 1 . )4

4 _1 F IPrlHT 1 ::. I . F :.F5.0 ' . 0 .1: .F7. 1. 4; .F t ._- F8 . 1. . .F 1 •6 . F
_C 1 . .

,A . 515, IOtITItILIE
'357 L IPI TE' 6.520

58 50 FfPII0T • I:. "EGPEE OF FPEEDOi .21C'..' EPTICAL DISPLACEMENT' .21X. 'P
359 1O-TATiOII .,

36 IIF ITE 1 . 525
361 525 F(IF'lUT' 12,. "LEFT" 6'P IfHT" - 2272.. 'LEFT' t6." P IGH F

i2.!PR I TE, F .5 01
3 63 530 FOFPIAT'43. 'OF' .9:. OF" .24". 'OF' .9'1- "-OF'

364 IPI TE, 6 • 5'5
365 535 FOPIIAT' 41:. .JO IN"• T' ." JO.T iT .2 I:. ".O IHT . " JO I*INT'
366 I =I

367 IPITE 6.540'1 .'L' I. 1)
368 540 FOP1R>T,. 13.38'.'.FI0.5)
369 t1f J =1It111- 1
370 D,0 550 11 =1.Itj
371 1=1+2
-372 IIP ITE' 6.5 ' ,45 , .1 , 1. 1 .1 DL rri+ .1 1

13



94 OIN T < 1T.6X.1.52&F1..

E374 5S51 I DP HHE5

7:9 17 _'F' I 26 .F 10 .5

J7 I E 6,560 '1 . DL 1 . 2'
7: 6:7 FUF 1 1 .757 .FlO.0

1E 565 1 T I1 1 144 IJ r~

5i FliT 1114 F

IIFI TE: '- 0.
7T FF f-It wF . 1:. rEGREE OFE FPEEDjOfl' - X'REA4CT ION' 7 X..' MOMIENT'

-444

itl I jj_ T F9 ,9 4

F ii IF

6clt- T c'- 1 7 P:.

'I - - i i

1171

4 ~ ~~ 4A t1rIlltI

5r .i7.t Til IF

2 112 71

14:



9- 1> 145 +ill
I- 144 149 + 147
INA 14' 14-9 + 151

Ii 1 1514 +i'mhIia I _ _, 1 4 +1 2_,_,
1 1 1 ' + 164

12 I rj 166 + 167

13;3 16 + 179 1T

145 17+1
125F1 + 1 6

I P-14 +
162 1-4 +197
t65 1-' * +211

i~F -i -!5 206 2@ 2- 1

S44 G,
Ir15 -11 4211
! +4 1 1

2 1 1f + 2 5*

I IS

208 2'3 224 +226

+ +I
,bi5276 2279

20-4 212 412+94

11 A1 *7

2 - } 24 241 *Q43
3414 "+2 47

24 41 1

54' +255
25 _. 1 +25

i ,-,N '¢; + I69

2'?N '- I + -vi

7.r N263 ±+77

1 -
C I , '5 -,C

? - i - -,8

4+.1 204 21 2 *29,

:,k 2v *3i5

st<1 t:+2 3111 1 30 32*2
v75 322 : -332

't, - "15 33 :*333

.;i- - t2+44
' ".] 4,' +-,4 ,, -

<tl :  "- ' ' +3

, :6, I + Cr61

* ,, t,+ c

" i+ 4

|1



545 +12 73"
+I

-4373

- ,+91
+: -t-

* 4015 400
;''40! i 402
, :, q31 399 :*403

1:9 + 104
+-7 2 6 293

: * VAPIABLES :**+4<

A7 4_ :124 125 :f , 12 T I 18 0
RD1 -. + 7 1:,12..

P T , 26 1 ,_7 124 125 12 12, * 10
+ : _6 _ 'I ' 7- 338 .39 740 341

rAU + F.2.. .q 124 1"  IF._  1 li" *?+8 _
G 21F 1 1 F 2 7

I1 1i 1 - 7 3332 3, 339 340 341 353.
<9 '-+1 LH

F f,4 46 47 43 49 5, 51 52 53
*1 8:4 4 1I3F 1,8

t:6 1 :+f4

+ 19 7 : 21 + I
ID191 +:19-+ 196 19

19 * :,::136 *28 Y302 303 304 3095l

L 0 -: 7  * , *_ 3. 327 3 7, 379 32t
DF' 3 *304 ,05 *319 1 .,2 372 376 387

.'. 2, 186 2 00 201 .21 91 .2T1

E 332 74,, *353
1 ' 2 13 14 2"-. . .-3 24 2- G. 27 22 4o,, *,2 2 _G e,7

14 66 72 8 *90 9 1  93 *94 95 11- *13
1 5 138 T144 147 148 151 *154 155 156 *19 159 168

-162 1G4 +tI65 1F G 18 1 0 :+171 17 91.5 1 76 177 41.:?

19i 2 20 *22 2 -" 4

"244 146_ 1 1'9266 5 _, 42T I
338 39 74." 3143 344 150636 167 37 1 T ' 7 7 2

*3 8 " 82 383 38, * 1 "92 3,_47 40 1

I2N'- 7 +24 +23 408
T31 +54 56 67 69 13 192 13 * 14 146 147 140

1507 36 +153 15 tq 160 0163 164 166 167 *169 13
:tI5f2 17 3:195 131 197 4:40- q 3 244n 241 393 394 397

_ 53

37 395

f 6D -3; : I3 14 + 1 .el , _, 1 +1-3 3 1957 77 * .

-: _ '41 42 8 21"1"# 01

R,6 5 1 E 68 f9 Tl4- 1:3 q_'5 +199 "16 -T -,1I-,

-15 jl1T 31'D 2 1 31-3 ,*243 74-4 +392) 397 39-4 397 .401

16 P3 9



+ 47 +7n 151 +5 15 +159 160 4 3 15 16 9 395
• ; 1!2.6 751 1:77'

; ,1 - + 1, < 3 J +22 ,  227 *1+'5 *242 249 252

4 -- , T,3, . 40 41 42 43 44
" . 7. 50 5 1 52=  53 4:95 96 7

1 71 1 112 103 104 1O5 106 107 10 109

S i i 115 I 117 119 120 121 12 124
* 2 j ' 4 I 1p,:1 :'

7  
1Q":11"

1  
7Aq :''- 00 7,-I HI 12:' :.1 2,:4- -002 1 301_ . ....

, i 4 r "1 F 1 309 31 3 711 3l 315 -17 1x,
--i21 72 7.; -Z 2 .+7 :3GA 3-8 33 9 *>52 7,- *370

101 . l1i 10i IUA, 10 7  109 1i0 111 124 *.8 302 *3A

* - 1 4 1 -_I 10 , 1 10 1 1 1 11 21 12 5 *
2 

9 9 3 0 3 + l1 0
'l 70' 1Fl 105 106 114 115 1 l6 119 120 121 12G

I. D,- IF, 4 1 A17 18 115 116 117 120 121 122 127

1i 1 -1 3

4L, i .- i +1 11 4 190 162 163 166 167 163 170 173

-1 - '_1 1 192 194

r-4 4 7. 0 : : i- 14 1 31 157

* 4 27 2 3, 6 2537224 255,263

44

r. ~ ~ ~ ~ ~ C T:--?:iZ -:-' 27,

17 11

1- I I 14+4 1420 15 157l 147. 21

7' ' 11 11

-, i  1' +: : , c :

';;* :.!1' '5_, 259

4.l+'I 2 .1 5I4 94 I7 C25? *290

,4 206 5+ +, 297- 306 322 3_25 7. 7.74 .33 3.40

* ¢ ... , .- ,, ;

--. ' =  : 13,4 17 1$,.'. 149 159,: 165 1''69

-2 '"21
' - 

' 19 -4- 79=i' + f,,i ',

C 1 4 1< I.. 272

It ' It- 4 * 1 +1 F' 17 +-'7 -' 1 4'1 -12 '42 4 11

[F ' '-.4 I: 1 7
- ,
71 +2 4 'q '1!] -m

''I * I j:11 l:l l , 6

* 5rr V+- , '' ''CJ

* ". l! II *7 ' " .. " 755 317 72
. I . 37'!

4 17
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Iii~~~ 12Q + 4 : ~ +4 4 4 47 + I.-.

SI I I I J

-4 4711-11

409 4 21 4
A 41

4 - 4

' "+ 1-I :I I -I

Appendix B
Example Output

MATRIX ANALYSIS OF CONTINUOUS hEla
MEMBER LENGTN E I LEFT SMEAF LEFT MOMENT RIGHT SMfAR WIGNT "OMLNI

1 60. 1700000. ?0.6 266.2 -. 0 -1b.? 8469,5

2 $4. 3700000. 20.8 t6.2 -69.3 333.8 -"873.6

3 108. 1700000. 20.4 90.1 #873. -.1 .0

DEGREE OF FREEDOM VERTICAL D1SPLACEMENT RoUaTION

LEFT RIGT LEFT w I .0!
OF OF OF (IF

J(j I N r JOIN" JOINI JOINT

1 .00000
3 -. 7362 -.473e
9 .00000 .00000
7 .00000
a-.01315
* -. oo02u5 -.0o105
6 .00004 .00512
6 -. 0?41

DEGREE OF FREEDOM REACTIUN MOMENT

5 *23.97
7 -.13

+ 18
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Analysis of Continuous Beams with Joint Slip, by

Lawrence Soltis, Madison, Wis., FPL 1981.
20 p. (U3DA For. Serv. Res. Note FPL 0244).

A computer analysis method and input user guideline
to determine internal forces, reactions and deflections
of continuous beams with rotational slip at supports is

presented. The method and computer program are applicable
to any continuous beam structure, although developed

snecifically for two-span floor joist analysis and design.

Keywords: Joist design, rotational slip, two-span
floor joist, deflections, continuous beams.
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